ABSTRACT A quick and accurate method of determining the concentration of carboxyhaemoglobin (COHb) in blood has been developed. The method uses a dual wavelength double beam spectrophotometer in the 1st derivative mode, linked to a digital voltmeter (DVM), with the two beams set 3 nm apart around an isobestic point of reduced haemoglobin (Hbred) and carboxyhaemoglobin at 579 nm. The 1st derivative mode measures the slope, and this slope is proportional to the concentration of COHb.
Techniques currently used to measure COHb levels in blood include gasometric methods, colorimetry, gas chromatography, precipitation techniques, infrared analysis and spectrophotometric methods. Not one of these methods (described in the papers listed in the Reference section) is both rapid and accurate. In an effort to combine accuracy and rapidity, attention has been concentrated on spectrophotometric methods.
Theory
The absorbance spectra of reduced haemoglobin (Hbred) and COHb ( Figure 1 ) between 600 and 500 nm have similar curves with three isobestic points. At the isobestic point around 579 nm the absorbance slope alters with concentration ( Figure 2 ). Closer examination of absorbance curves (Figure 3) between 585 and 575 nm shows that the curves of Hbred and COHb are straight lines but have different -slopes. If the slope can be measured, then the concentration of COHb can be calculated: this is the basis of the method described here. Figure 4 shows schematically the absorbance *curve of COHb with the x axis representing wavelength and the y axis absorbance. Absorbance = C -pW where C = constant intercept of x on y.
The slope is given by the 1st derivative dA = -P dW that predicted by the necessity of making a decision as to the last digit on the DVM reading, when it tends to flicker between two figures, so this variance could be attributed solely to the electronic limitations of the output device. Variance in the subsamples is due to sampling error which may, in part, be due to very slight differences in the amount of sodium dithionite used for reducing haemoglobin. Dilution error was not statistically significant.
There was no statistical evidence that the variances differed between the higher concentrations of COHb and the lower concentrations. This result was anticipated from the high correlation coefficient.
Time
Another aspect of the method was assessed, using the results from the above experiments. The deviation from the mean plotted against the order of reading the subsamples and dilutions gave a measure of the effect of time on the correlations. There was a time effect in that the readings of both reduced and 100% COHb showed a fall, whereas the calculated COHb concentration showed no such fall. This demonstrates that, during the two-hour period over which the experiment was carried out, the samples showed significant changes in COHb. 
Discussion
We believe the method described above is novel in that it employs digital read-out of a 1st derivative of an absorption curve. This combines the improved accuracy of a digital output with the sensitivity of 1st derivative recording. Although we have used this method for the measurement ofcarboxyhaemoglobin it is equally applicable to any mixture of two compounds with an isobestic point around which the slopes of both compounds are essentially even (in other words, 2nd derivative is zero).
The advantages ofthis method over those currently available are accuracy and speed. Our results show an accuracy of ± 0 5 % COHb over the whole range. The rapidity of the method is limited largely by the necessity to gas an aliquot of each sample with carbon monoxide, but a reasonable estimate for the output of two operators working together would be 150 samples during an ordinary working day.
The success of this method leads us to suggest that digital 1st derivative spectrophotometry may be an extremely useful tool in the estimation of carboxyhaemoglobin and possibly of other constituents of blood. Although the apparatus is rather expensive, it may already be found being used for other purposes in a number of laboratories.
